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ABSTRACT: 

The present invention provides a driving force distributing apparatus which can instantaneously 
reduce clutch pressure to thereby carry out proper operation of an ABS even if the ABS is 
actuated while the vehicle is travelling in a 4WD mode. In order to reduce pressure in a piston 
chamber, a control circuit drives a motor and pump in reverse rotation! As a result, a pressure 
difference between a piston chamber side pressure and a pump side pressure in a supply path 
becomes large, pressure oil on a piston chamber side in the supply path is instantaneously 
discharged to an outside from a releasing hole of a quick open valve, and the pressure in the 
piston chamber reduces instantaneously. 
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(54) Driving force distributing apparatus 

(57) The present invention provides a driving force 
distributing apparatus which can Instantaneously re- 
duce clutch pressure to thereby canv out proper oper- 
ation of an ABB even if the ABS is actuated while the 
vehicle is travelling in a 4WD mode. In order to reduce 
pressure in a piston chamber, a control circuit drives a 
motor and pump in reverse rotation. As a result, a pres- 



sure difference between a piston chamber side pressure 
and a pump side pressure in a supply path becomes 
large, pressure oil on a piston chamber side In the sup- 
ply path is Instantaneously discharged to an outside 
from a releasing hole of a quick open valve, and the 
pressure in the piston chamber reduces instantaneous- 
ly. 
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Description 

[0001] TTie present invention relates to a driving force 
distributing apparatus which can be used in afour-wheel 
drive vehicle and which distributes a driving force from 
a prime mover to front wheels and rear wheels in pre- 
determined distributing proportions. More particularly, 
the Invention relates to a driving force distributing appa- 
ratus in which the number of parts can be reduced to 
cut the cost of the apparatus and reduce its size so as 
to reduce constraints on vehicle design without impair- 
ing responsiveness. 

[0002] In recent years, as the use of automobiles has 
diversified, more and more four-wheel drive vehicles 
have been used. In a four-wheel drive vehicle, conven* 
tionally a hydraulic multiple disc clutch Is used in a driv- 
ing force distributing apparatus for distributing the driv- 
ing force generated by the engine to the front wheels 
and the rear wheels. 

[0003] FIG. 7 shows the basic structure of a four- 
wheel drive vehicle to which a prior art driving force dis- 
tributing apparatus is applied. The driving force gener- 
ated by an engine 1 01 is transferred to the driving force 
distributing apparatus 1 through a transmission 102 and 
a center drive shaft 1 03, hydraulic oil at predetermined 
hydraulic pressure being supplied from a hydraulic pres- 
sure unit 5 to a multiple disc clutch 23 built into the driv- 
ing force distributing apparatus 1 . The driving force from 
the engine 1 01 is transferred to rear wheels 1 05 through 
the center drive shaft 103 and a differential 104 and is 
transferred to the front wheels 1 07 through a front drive 
shaft 1 06 and the differential 1 04 in predetermined pro- 
portions. Control of the hydraulic pressure to the multi- 
ple disc clutch 23 is carried out by controlling the hy- 
draulic pressure unit 5 by means of a control circuit 6. 
[0004] FIG. 8 shows the prior-art driving force distrib- 
uting apparatus 1 shown in FIG. 7. The driving force dis- 
tributing apparatus 1 includes a main body 2A, the hy- 
draulic pressure unit 5 connected to the main body 2A 
through a pipe 5a, and the control circuit 6 for controlling 
the hydraulic pressure unit 5. In the main body 2A, the 
multiple disc clutch 23, a pressing member 25 for press- 
ing the multiple disc clutch 23, a lever 13 for pressing 
the pressing member 25, and a piston 1 4 for moving the 
lever 13 in a rotating manner are disposed. 
[0005] The hydraulic pressure unit 5 includes an oil 
pump 50 for pressurising the hydraulic oil, a pump motor 
51 for driving the oil pump 50, an accumulator 53 for 
accumulating hydraulic oil pressure created by the oil 
pump 50 through a check valve 52, a pressure switch 
54 for detecting line pressure, a pressure control valve 
56 connected through a filter 55 to control the line pres- 
sure, a relief valve 57 for operating at pressure equal to 
or higher than predetermined pressure to relieve the hy- 
draulic oil, and a reservoir tank 58 for receiving the hy- 
draulic oil returning from the pressure control valve 56 
and the relief valve 57. 

[0006] In the driving force distributing apparatus 1 



formed as described above, with the pump motor 51 
driving the oil pump 50 to pressurise the hydraulic oil, 
the pressure of the hydraulic oil is accumulated by the 
accumulator 53 and the pump motor 51 is ON/OFF con- 

5 trolled by the pressure switch 54 such that the line pres- 
sure is in a predetemnined pressure range. A part of the 
hydraulic oil pressurised by the oil pump 50 and control- 
led to be at pressure in the predetermined pressure 
range is retumed to the reservoir tank 58 according to 

10 the degree of opening of the pressure control vah/e 56 
controlled by the control circuit 6. As a result, hydraulic 
pressure of the hydraulic oil supplied to the piston 1 4, i. 
e., pressure on the multiple disc clutch 23 (clutch pres- 
sure) can be adjusted. In this manner, by controlling the 

t5 degree of opening of the pressure control valve 56, the 
clutch pressure can be controlled further continuously 
and optimum power distribution can be achieved under 
various travelling conditions. 
[0007] However, according to the prior art driving 

20 force distributing apparatus, because many parts are 
necessary for the hydraulic pressure control mechanism 
and expensive parts such as a cun-ent control pressure 
regulating valve are included, the apparatus as a whole 
is expensive. Because the required capacity of the hy- 

2s draullc pressure unit Is large, the positions in the vehicle 
in which the hydraulic pressure unit can be mounted are 
limited. Therefore, the hydraulic pressure unit needs to 
be disposed at a distance from the hydraulic piston and 
the hydraulic pressure unit which thus need to be cou- 

30 pled by a flexible hydraulic pipe. 

[0008] Therefore, there is a desire to reduced costs 
and size In order to reduce constraints on vehicle design 
without impairing the responsiveness of the apparatus, 
[0009] According to the present invention, there is 

35 provided a driving force distributing apparatus for press- 
ing a multiple disc clutch with a predetenmined pressing 
force by a pressing member to transfer a driving force 
from a prime mover to a front wheel and a rear wheel in 
distributing proportions corresponding to the predeter- 

40 mined pressing force, the apparatus comprising: a pis- 
ton for pressing the multiple disc clutch through the 
pressing member; a pump for supplying pressure fluid 
to a piston chamber, the pressure fluid being for gener- 
ating the pressing force for pressing the pressing mem- 

45 ber in the piston; a motor for driving the pump for normal 
rotation to supply the pressure fluid to the piston cham- 
ber; pressure fluid discharging means provided to a 
pressure fluid supply path extending from the pump to 
the piston chamber to discharge the pressure fluid on a 

so piston chamber side in the pressure fluid supply path to 
an outside when a pressure difference between pres- 
sure on the piston chamber side and pressure on a 
pump side in the pressure fluid supply path becomes 
equal to orgreater than apredetermined value; andcon- 

55 trol means for driving the motor for normal rotation to 
drive the pump for normal rotation in increasing pres- 
sure In the piston chamber and for driving the motor for 
reverse rotation to drive the pump for reverse rotation 
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to make the pressure difference equal to or greater than 
the predetermined value In reducing the pressure In the 
piston chamber. 

[001 0] With the above structure, in reducing the pres- 
sure In the piston chamber, by driving the pump motor 
for reverse rotation, the pressure difference between the 
piston chamber side pressure and the pump side pres- 
sure in the pressure fluid supply path increases and the 
pressure fluid on the piston chamber side in the pres- 
sure fluid supply path is instantaneously discharged out- 
side. 

[0011] One example of a driving force distributing ap- 
paratus according to the present invention will now be 
described with reference to the accompanying draw- 
ings, in which:- 

FIG. 1 shows the detailed structure of the appara- 
tus; 

FIG. 2 shows an hydraulic oil circuit of a hydraulic 
oil supply mechanism; 

FIGS. 3(a) and 3(b) are sectional views of a struc- 
ture of a quick open valve; 
FIG. 4(a) is a perspective view and FIGS. 4(b) and 
4(c) are sectional views of a structure of a backflow 
preventing valve; 

FIG. 5 shows a structure of a part of a control circuit; 
FIG. 6 is a drawing explaining the operation of a by- 
pass orifice of the hydraulic oil supply mechanism; 
FIG. 7 shows a basic structure of a four-wheel drive 
vehicle to which a prior art driving force distributing 
apparatus Is applied; and 

FIG. 8 is a block diagram of the prior-art driving 
force distributing apparatus. 

[0012] In FIG. 1 is shown a driving force distributing 
apparatus according to a first embodiment of the 
present invention. The driving force distributing appara- 
tus 1 Includes a case 2, in which is disposed an input 
shaft 20A into which driving torque is input from an en- 
gine 101 through a transmission 102 and a centre drive 
shaft 103 (as In the prior art), a rear-wheel output shaft 
20B disposed coaxially with the input shaft 20A, and a 
front-wheel output shaft 20G disposed in parallel with 
the input shaft 20A. The input shaft 20A, rear-wheel out- 
put shaft 20B, and front-wheel output shaft 20C are sup- 
ported in the case 2 through ball bearings 21 A. 
[001 3] On an outer periphery of the rear-wheel output 
shaft 20B, a drive sprocket 22A passing through and be- 
ing supported on the rear-wheel output shaft 20B is pro- 
vided such that the drive sprocket 22A is not connected 
to the rear-wheel output shaft 20B, and a clutch housing 
24 in which a multiple disc clutch 23 is accommodated, 
a pressing member 25 for pressing or opening the mul- 
tiple disc clutch 23, and a piston 26 for pressing the 
pressing member 25 are provided. The multiple disc 
clutch 23 is formed of a plurality of driven plates 23a and 
drive plates 23b for coming into planar contact with each 
other to transfer driving torque. The clutch housing 24 



is fomied of a clutch drum 24a in which the driven plates 
23a are accommodated and which Is supported on and 
connected to the drive sprocket 22A, and a hub 24b in 
which the drive plates 23b are accommodated and 

s which is supported on and connected to the rear-wheel 
output shaft 208. In order to separate the driven plates 
23a and the drive plates 23b from each other in opening 
of the multiple disc clutch 23, a clutch spring 27 is dis- 
posed between the hub 24b and the pressing member 

10 25. The piston 26 is fomned of a cylinder portion 26b 
integrated with the case 2 and a piston main body 26a 
for movement in the cylinder portion 26b by the applica- 
tion of hydraulic oil 30. In order to allow the piston main 
body 26a to transfer a pressing force to the rotating 

15 pressing member 25, a needle bearing 21 B is disposed 
between the pressing member 25 and the piston main 
body 26a. 

[001 4] On an outer periphery of the front-wheel output 
shaft 20C, a driven sprocket 22B is provided. Around 
20 the driven sprocket 22B and the drive sprocket 22A, a 
chain 220 is wound. 

[0015] The present apparatus 1 includes a hydraulic 
oil supply mechanism 3 for supplying hydraulic oil to the 
piston 26. The hydraulic oil supply mechanism 3 in- 

25 dudes an oil pump 32 such as a trochoid pump for draw- 
ing in and pressurising the hydraulic oil 30 stored in a 
lower portion 2a of the case 2 through a strainer 31 , a 
pump motor 33 which drives the oil pump 32 and can 
rotate nomnally and in reverse, and a supply path 34a 

30 and a supply hole 2b forforming a supply oil path for the 
hydraulic oil 30 pressurised by the oil pump 32 between 
the oil pump 32 and the piston 26. 
[001 6] The piston 26 is f omried of the cylinder portion 
26b Integrated with the case 2, the piston main body 26a 

35 for moving in the cylinder portion 26b by the application 
of hydraulic oil 30, and packing provided to the piston 
main body 26a to prevent leakage of the hydraulic oil 
30. An orifice 36a is provided to an uppennost portion 
of a piston chamber 26d. Because air is less liable to 

40 accumulate in the piston chamber 26d by providing the 
orifice 36a to the uppemnost portion, responsiveness is 
improved. The hydraulic oil 30 which has returned from 
the orifice 36a is saved in the lower portion 2a of the 
case 2 through a discharge path 28. A reference numer- 

45 al 26c designates the packing provided to the piston 
main body 26a. 

[0017] FIG. 2 shows an oil hydraulic circuit of the hy- 
draulic oil supply mechanism 3. The oil hydraulic circuit 
includes the oil pump 32 driven by the pump motor 33 

50 and the supply path 34a for introducing the hydraulic oil 
30 from the oil pump 32 into the piston chamber 26d. A 
backflow preventing or non-return valve 37 for prevent- 
ing backflow of the hydraulic oil 30 from the piston cham- 
ber 26d and an oil pressure sensor 38 for detecting a 

55 piston-side pressure P2 of the hydraulic oil 30 are pro- 
vided in the supply path 34a, a bypass orifice 36b and 
a quick open valve 39 are provided in parallel with the 
backflow preventing valve 37 and through branch paths 
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34b and 34c, and a relief valve 40 is connected to the 
supply path 34a between the oil pressure sensor 38 and 
the piston chamber 26d. Because oil in the oil hydraulic 
circuit is prevented fronn draining off by the backf low pre- 
venting valve 37 when the pump motor 33 Is stopped, it 
is possible to prevent fomriatlon of an air pocket in the 
oil hydraulic circuit and impaimient of responsiveness. 
By providing the supply hole 2b shown in FIG. 1 to an 
upper portion of the piston chamber 26d of the piston 
26, the amount of the hydraulic oil 30 drained can be 
reduced in the case of a failure of the backflow prevent- 
ing valve 37. 

[0018] FIGS. 3(a) and 3(b) show a structure of the 
quick open valve 39. The quick open valve 39 includes 
a first body member 39a connected to the piston cham- 
ber 26d through a first hole 39c, a second body member 
39b connected to the oil pump 32 through a second hole 
39d, and a diaphragm plate 39f sandwiched between 
the first body member 39a and the second body member 
39b to form pressure chambers 39g and 39h isolated 
from each other on opposite sides of the diaphragm 
plate 39f. When the pressure difference between piston 
chamber side pressure Pg in the pressure chamber 39g 
and a pump side pressure in the pressure chamber 
39h increases above a predetennined value, by defor- 
mation and movement of the diaphragm plate 39f as 
shown in FIG. 3(b), the hydraulic oil 30 on the piston 
chamber 26d side is released outside the oil path 
through a releasing hole 39e. 
[001 9] FIG. 4 shows a structure of the backflow pre- 
venting or non-return valve 37. The backflow preventing 
valve 37 is formed of a metal sheet 37f integrally with 
the diaphragm plate 39f. A backflow preventing valve 
portion 37e is fomied by fonning an angular U-shaped 
notch in the metal sheet 37f and the bypass orifice 36b 
is formed in the backflow preventing valve portion 37e. 
The backflow preventing valve 37 includes a first body 
member 37a connected to the piston chamber 26d 
through a first hole 37c, a second body member 37b 
connectedto the oil pump 32 through asecond hole37d, 
and the metal sheet 37f sandwiched between the first 
body member 37a and the second body member 37b 
and the backflow preventing valve portion 37e is posi- 
tioned between the first hole 37c and the second hole 
37d. For sending the hydraulic oil 30 from the oil pump 
32 to the piston chamber 26d, the backflow preventing 
valve portion 37e is opened as shown in FIG. 4(b). For 
preventing backflow of the hydraulic oil 30 from the pis- 
ton chamber 26d side to the oil pump 32 side, the back- 
flow preventing valve portion 37e is closed as shown in 
FIG. 4(c). The first and second body members 39a and 
39b of the quick open valve 39 and the first and second 
body members 37a and 37b of the backflow preventing 
valve 37 may be respectively formed of common first 
and second body members. 

[0020] In the relief valve 40, pressure slightly higher 
than a nomial upper limit value of pressure control is 
set. Therefore, the relief valve 40 does not operate in a 



nonnal state. However, if the apparatus is not used for 
a long time, the oil in the oil path drains off, air accumu- 
lates Inside, and the responsiveness may be Impaired. 
To avoid such a problem, a driver turns on a key switch 
5 (not shown) of a vehk:le to fully apply battery voltage to 
the pump motor 33 by control of a control circuit 6 and 
to allow the hydraulic oil 30 to flow through the relief 
valve 40 to thereby allow the air in the Inside to escape. 
[0021] The control circuit 6 controls current supplied 

10 to the pump motor 33 such that the oil pump 32 gener- 
ates corresponding hydraulic pressure based on mode- 
selecting signals such as a 4WD mode, a 2WD mode, 
and a full-time 4WD mode (a mode in which hydraulic 
pressure Is supplied to the piston 26 according to the 

15 condition of a road surface) from a mode selector switch 
8. The control circuit 6 controls the pump motor 33 such 
that a detected value from the oil pressure sensor 38 is 
equal to a hydraullcpressurecommand value computed 
based on a detection signal from a vehicle condition de- 

20 tecting sensor 7. The control circuit 6 also diagnoses 
failure of the oil pressure sensor 38 based on the current 
of the pump motor 33 and the detected value of the oil 
pressure sensor 38. If the control circuit 6 judges that 
the oil pressure sensor 38 is out of order, the control 

25 circu It 6 sets pressure In the supply path 34 at a pressure 
value detemnined by a relief pressure of the relief valve 
40 by fully applying the battery voltage to the pump mo- 
tor 33. Thus, the correct functioning of the four-wheel 
drive can be ensured. The control circuit 6 switches the 

30 mode from 4WD to 2DW based on an ABS operating 
signal indicating a start of actuation of an ABS from an 
ABS control unit 9. 

[0022] FIG. 5 shows a portion of the control circuit 6 
for computing the hydraulic pressure command value 

35 based on the detection signal from the vehicle condition 
detecting sensor 7. The vehicle condition detecting sen- 
sor 7 is formed of a front wheel rotation speed sensor 
7a for detecting the rotational speed of a front wheel, a 
rear wheel rotation speed sensor 7b for detecting the 

40 rotational speed of a rear wheel, and an oil temperature 
sensor 7c for detecting the temperature of the hydraulic 
oil 30 in the piston chamber 26d, for example. The con- 
trol circuit 6 includes a rotation speed difference com- 
puting portion 60 for computing a rotational speed dif- 

"15 ference between the front wheel and the rear wheel 
based on a detection signal from the front wheel rotation 
speed sensor 7a and a detection signal from the rear 
wheel rotation speed sensor 7b; a first hydraulic pres- 
sure calculating portion 61 for storing information about 

50 a relationship between the rotational speed difference 
and hydraulic pressure and for outputting a signal 
indicating corresponding hydraulic pressure in the infor- 
mation about the relationship between the rotation 
speed difference and hydraulic pressure based on the 

55 rotation speed difference computed by the rotation 
speed difference computing portion 60; a vehicle veloc- 
ity calculating portion 62 for calculating a vehicle velocity 
based on the detection signal from the rear wheel rota- 
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tion speed sensor 7b; a second hydraulic pressure cal- 
culating portion 63 for storing infonnation about the re- 
lationship between the vehicle velocity and hydraulic 
pressure and for outputting a signal S2 indicating corre- 
sponding hydraulic pressure In the infomnation about the 
relationship between the vehicle velocity and the hy- 
draulic pressure based on the vehicle velocity calculat- 
ed by the vehicle velocity calculating portion 62; a tem- 
perature judging portion 64 forjudging whether the hy- 
draulic oil 30 in the piston chamber 26d is at a high tem- 
perature or a low temperature based on a detection sig- 
nal from the oil temperature sensor 7c; a high tempera- 
ture control portion 65 for outputting a control signal S3 
for a case of the high temperature when the hydraulic 
oil 30 Is judged to be at the high temperature by the tem- 
perature judging portion 64; a low temperature control 
portion 66 for outputting a control signal S4 for a case 
of the low temperature when the hydraulic oil 30 is 
judged to be at the low temperature by the temperature 
judging portion 64; and a hydraulic pressure command 
computing portion 67 for making an overall judgement 
on the respective signals to S4 to compute the hy- 
draulic pressure command value. 
[0023] FIG. 6 shows operation of the bypass orifice 
36b. If the hydraulic oil circuit of the hydraulic oil supply 
mechanism 3 has no leak, differential pressure AP of 
the quick open valve 39 when pressure reducing oper- 
ation finishes remains as shown in a solid line in FIG. 6. 
Therefore, by providing the bypass orifice 36b in parallel 
with the quick open valve 39, the bypass orifice 36b has 
the function of allowing the differential pressure AP to 
escape after the quick open valve 39 is closed as shown 
in a single dotted line in FIG. 6. Because most of the 
hydraulic oil 30 escapes outside the oil path through the 
releasing hole 39e of the quick open valve 39, a flow 
through the bypass orifice 36b can be ignored. 
[0024] Next, operation of the present apparatus 1 will 
be described. A case in which the driver operates the 
mode selector switch 8 to select the full-time 4WD mode 
will be described. The mode selector switch 8 outputs 
the mode selecting signal Indicating the full-time 4WD 
mode to the control circuit 6. The control circuit 6 con- 
trols the pump motor 33 so as to supply corresponding 
hydraulic pressure to the piston 26 based on the detec- 
tion signal from the vehicle condition detecting sensor 
7. For example, if the control circuit 6 judges that the 
vehicle should travel in the 4WD mode with a strong de- 
gree of coupling between the front and rear wheels be- 
cause of the bad condition of the road surface based on 
the detection signal from the vehicle condition detecting 
sensor 7, the control circuit 6 controls current supplied 
to the pump motor 33 so as to suppfy con^esponding hy- 
draulic pressure to the piston 26 to drive the pump motor 
33 for normal rotation. By driving of the pump motor 33, 
the oil pump 32 supplies the hydraulic oil 30 at prede- 
tennined pressure to the piston 26. 
[0025] On the other hand, if the ABS operating signal 
Indicating a start of actuation of the ABS is output from 



the ABS control unit 9, the control circuit 6 performs con- 
trol for switching from 4WD to 2WD. In other words, the 
control circuit 6 rotates the pump motor 33 in a reverse 
direction to reduce pressure in the piston chamber 26d 
5 based on the ABS operating signal. In a vehicle having 
ABS, it Is preferable to achieve 2WD in which the front 
and rear wheels are not coupled with each other for 
proper operation of the ABS. For this purpose, the pres- 
sure needs to be reduced quickly. IHowever, by only ro- 
tating the pump motor 33 in reverse, a sufftoient pres- 
sure reducing speed cannot be obtained. In the present 
embodiment, because backflow of the hydraulic oil 30 
from the piston chamber 26d is prevented by the back- 
flow preventing valve 37, the piston side pressure Pg Is 
generated in the supply path 34 on the piston 26 side. 
If the pump motor 33 is rotated in reverse, the pump side 
pressure P^ reduces and a pressure difference is gen- 
erated between the piston side pressure P2 and the 
pump side pressure P^. When the pressure difference 
Increases over a predetermined value, the quick open 
valve 39 operates to release the hydraulic oil 30 on the 
piston chamber 26d side to the outside of the oil path 
through the releasing hole 39e to release the piston side 
pressure P2. Then, if the pump side pressure P^ is main- 
tained at a constant value, the piston side pressure P2 
reduces by the pump side pressure P^ + differential 
pressure and the quick open valve 39 is closed. 
[0026] According to the above-described present em- 
bodiment, in reducing the pressure In the piston cham- 
ber 26d, because the pump motor 33 Is driven for re- 
verse rotation to Increase the pressure difference be- 
tween the piston chamber side pressure P2 and the 
pump side pressure P^ in the supply path 34, the hy- 
draulic oil 30 on the piston chamber 26d side in the sup- 
ply path 34 Is instantaneously released outside and 
clutch pressure can be reduced Instantaneously. As a 
result, it is possible to carry out the proper operation of 
the ABS when the ABS Is actuated while travelling in the 
4WD mode. 

[0027] Because the hydraulic pressure supplied to the 
piston 26 is controlled by controlling current supplied to 
the pump motor 33, the clutch pressure can be control- 
led continuously. 

[0028] Because an expensive pressure control valve 
and an accumulator are unnecessary, costs can be cut 
and reliability can be enhanced due to a reduction In the 
number of parts as compared with the prior art. 
[0029] Furthermore, because only the pump motor 33 
in the hydraulic oil supply mechanism 3 is mounted to 
the outside of the case 2, the apparatus 1 as a whole 
can be miniaturized. 

[0030] Because it is sufficient for the oil pump 32 to 
generate only the pressure necessary, power loss is 
small. 

[0031 ] Although the oil pump and the pump motor are 
provided in the case of the driving force distributing ap- 
paratus in the embodiment, it is possible to provide them 
to another place such as a vicinity of a differential and 
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to connect the case and the oil pump by a pipe. 
[0032] As described above, according to the driving 
force distributing apparatus of the invention, because 
the pressure difference between the piston chamber 
side pressure and the pump side pressure In the pres- 
sure fluid supply path is increased by driving the motor 
In reverse rotation in reducing the pressure in the piston 
chamber, the number of parts can be reduced to cut the 
costs and the space required can be reduced to lessen 
constraints on vehicle design without Impairing excel- 
lent responsiveness of the apparatus. 



Claims 

1 . A driving force distributing apparatus for pressing a 
multiple disc clutch with a predetennined pressing 
force by means of a pressing member to transfer a 
driving force from a prime mover to a front wheel 
and a rear wheel in distributing proportions corre- 
sponding to said predetennined pressing force,' 
said apparatus comprising: 

a piston for pressing said multiple disc clutch 
through said pressing member; 
a pump for supplying pressurised fluid to a pis- 
ton chamber, said pressurised fluid generating 
said pressing force for pressing said pressing 
member in said piston; 

a motor for driving said pump for nomial rota- 
tion to supply said pressurised fluid to said pis- 
ton chamber; 

pressurised fluid discharging means provided 
in a pressurised fluid supply path extending 
from said pump to said piston chamber to dis- 
charge said pressurised fluid on a piston cham- 
ber side in said pressurised fluid supply path to 
an outside when the pressure difference be- 
tween pressure on said piston chamber side 
and pressure on a pump side In said pressu- 
rised fluid supply path becomes equal to or 
greater than a predetennined value; and 
control means for driving said motor for normal 
rotation to drive said pump in normal rotational 
direction for Increasing pressure in said piston 
chamber and for driving said motor in reverse 
rotation to drive said pump in reverse rotation 
to make said pressure difference equal to or 
greaterthan said predetermined value in reduc- 
ing said pressure In said piston chamber. 

2. Apparatus according to claim 1 , wherein said pres- 
sure fluid discharging means includes a bacl<flow 
preventing valve provided to said pressure fluid 
supply path to prevent backflow of said pressure flu- 
Id from said piston chamber to said pump and an 
open valve provided in parallel with said backflow 
preventing valve to release said pressure fluid on 



said piston chamber side to the outside from said 
backflow preventing valve In said pressurised fluid 
supply path when the pressure difference between 
pressure on said piston chamber side of said back- 
5 flow preventing valve and pressure on said pump 
side of said backflow preventing valve becomes 
equal to or greater than said predetermined value. 

3. Apparatus according to claim 1 or claim 2, wherein 
said control means Includes a pressure sensor for 
detecting pressure on said piston side in said pres- 
sure fluid supply path and controls said motor such 
that a detected value of said pressure sensor is 
equal to a fluid pressure command value computed 

IS based on a detection signal from a vehicle condition 
detecting sensor. 

4. Apparatus according to any of claims 1 to 3, wherein 
said control means includes a pressure sensor for 

20 detecting pressure on said piston side In said pres- 
sure fluid supply path, controls said motor such that 
a detected value of said pressure sensor is main- 
tained at a predetennined fluid pressure command 
value for a certain time period, computes pressure 

2S in said piston chamber based on the current of said 
motorduringsaid control, and has afailure diagnos- 
ing mode for making a diagnosis of failure when a 
pressure difference between said computed value 
and a detected value of said pressure sensor ex- 

30 ceeds a predetennined value. 

5. Apparatus according to any of claims 1 to 4, wherein 
said pressure fluid discharging means includes a 
bypass orifice provided in parallel with said back- 

35 flow preventing valve. 

6. Apparatus according to claim 2, wherein said pres- 
sure fluid discharging means includes a relief valve 
provided In said pressure fluid supply path between 

40 said backflow preventing valve and said piston 
chamber and 

said control means controls said motor with a 
maximum output based on a command signal from 
the outside to release air in said pressure fluid sup- 
45 ply path to the outside from said relief valve. 

7. Apparatus according to any of claims 1 to 6, wherein 
said pressure fluid discharging means includes a 
first body member connected to said piston cham- 

50 ber, a second body member connected to said 
pump, a diaphragm plate sandwiched between said 
first body member and said second body member 
to isolate a first pressure chamber provided to said 
first body member and a second pressure chamber 
55 provided to said second body member from each 
other, and an open valve for releasing said pressure 
fluid on said piston chamber side to the outside by 
defonnation and movement of said diaphragm plate 
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when a pressure difference is generated between 
said first and second pressure chambers. 

8. Apparatus according to claim 7, wherein said pres- 
sure fluid discharging means includes a bypass or- s 
ifice provided in parallel with said baclcflow prevent- 
ing valve, said backflow preventing valve is molded 
integrally with said diaphragm plate, and said by- 
pass orifice Is provided to said diaphragm plate. 
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FIG, 3 (a J 
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FIG. 4(a) 
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